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The semidefinite programming has various important applications to combinato-
rial optimization. This paper shows a primal-dual interior-point method for the
semidefinite program and numerical experiments on several combinatorial opti-
mization problems. We made a semidefinite programming solver, which we call




SDP ([1, 15, 16, 21, 23, 27]) $(1^{1,8},9,18])$ .









$\mathrm{s}.\mathrm{t}$ . $X= \sum_{i=1}^{m}FiXi-F_{0}$
$X\succeq O$ , $X\in S$
$\max$ $F_{0}\bullet \mathrm{Y}$
$\mathrm{s}.\mathrm{t}$ . $F_{i}\bullet \mathrm{Y}=C_{i}(i=1,2, \ldots, m)$
$\mathrm{Y}\succeq O$ , $Y\in S$
$F_{\dot{2}}(i=0,1, \ldots, m)$ .
$(x^{0},X^{0}, Y^{0})$ .
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$S$ : $n\mathrm{x}n$
$F_{i}\in S(i=0,1,2, \ldots, m)$ : ,
$O\in S$ :
$c=\in R^{m}$ : ,
$x=\in R^{m}$ : ,
$X\in S,$ $Y\in S$ : ,
$U\bullet$ $V$ : $U,$ $V\in S$ $\sum_{i=1j}^{\hslash}\sum_{=1}UijV\mathfrak{n}ij$
$U\succeq O,$ $U\in S\Leftrightarrow U\in S$
$U\succ O,$ $U\in S\Leftrightarrow U\in S$
(X, $X$ ) ( , ) , $Y$ ( ,
) , $(x, X, Y)$ SDP ( , ) . ,
SDP . $(x, X, Y)$ SDP
, . , $(x,X, Y)$ $X\succ O,$ $Y\succ O$
, . , (X, $X$ ) , $Y$
, (X, $X,$ $Y$) SDP . $(x, X, Y)$ SDP ,
$\sum_{i=1i}^{m}cx_{i}$ $F_{0}\bullet$ $Y$ ,
$X \bullet Y=\sum_{=i1}^{m}C_{ii}x-F_{0\geq 0}.\mathrm{Y}$ (1)
. , – , , $X\bullet$ $\mathrm{Y}=0$ (
) , $(x, X, Y)$ SDP .
.
21. [22] SDP (Slater [19]). ,
(i) SDP .
(ii) SDP $(x^{*}, X^{*}, Y^{*})$
– . ,
$X^{*} \cdot \mathrm{Y}^{*}=\sum_{i=1}^{m}C_{i}X_{i}-*F_{0}\bullet Y^{*}=0$
SDP .
3. SDP




. [28] . [16] SDP
.
“
(center path, central trajectory)” .
.
$\mu>0$ , Fc , SDP
.
SDP .
$0$ . $\cdot$ $X^{0}\succ O,$
$\mathrm{Y}^{0}.\succ O\text{ }\mathrm{f}\mathrm{f}\mathrm{i}\gamma\sim.\text{ }.\mathrm{m}-...\cdot \mathfrak{U}\mathrm{A}_{\backslash }.(x^{0}, x^{0}, Y^{0}.\cdot)$ ($.\text{ }rx$.
).







$U\in S,$ $V\in S,$ $w\in R^{m}$ .
3. $–=$ , $(w, U, V)$ . ( 1
$\beta\in[0,1]$ 1 , $(w, U, V)$ , $0$
SDP .)
4. $(x^{k+1}, X^{k+..+}1, Y^{k}1).\text{ }$
$x^{k+1}=x^{k}+\alpha_{P}w,$ $X^{k+1}$ $=$ $X^{k}+\alpha_{p}U\succ O$ ,
$Y^{k+1}$ $=$ $Y^{k}+\alpha_{d}V\succ O$ ,
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, $F_{0},$ $F_{1},$ $\ldots,$ $F_{m}$
. ,
$/B_{1}$ $O$ $O$ . . . $O$ ) )
$F$ $=$





$\mathrm{n}\mathrm{B}\mathrm{L}\mathrm{o}\mathrm{c}\mathrm{K}$ $=$ $\ell$ ,







1 2 3 $0$ $0$ $0$ $0\backslash$
$2$ 4 5 $0$ $0$ $0$ $0$
3 5 6 $0$ $0$ $0$ $0$
$0$ $0$ $0$ 1 2 $0$ $0$
$0$ $0$ $0$ $2$ 3 $0$ $0$
$0$ $0$ $0$ $0$ $0$ 4 $0$
$0$ $0$ $0$ $0$ $0$ $0$ $5$
(4)
$\mathrm{n}\mathrm{B}\mathrm{L}\mathrm{O}\mathrm{C}\mathrm{K}$ $=$ 3,
$\mathrm{b}\mathrm{L}\mathrm{O}\mathrm{C}\mathrm{K}\mathrm{s}\mathrm{T}\mathrm{R}\mathrm{U}\mathrm{c}\mathrm{T}$ $=$ $(3, 2, -2)$










$x\in\hat{P}=\{x:0\leq X_{j}\leq 1Ax\leq b,(j=1,2, \ldots, n)\}$
. , $P\subset\hat{P}$ , LP IP
. $P$ $\hat{P}$ , $\mathrm{I}\mathrm{P}$ . $-$
, $\hat{P}$ $P$ , $\hat{P}$ $P$
. .









$G=(V, E)$ ( ) $\in$ E $\text{ _{}ij}$
. $n=|l^{\gamma}|$ $V$
$L\cap R=\emptyset,$ $L\cup R=V$ $(L, R)$ .
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$\mathrm{s}.\mathrm{t}$ . $x_{i}\in\{-1,1\}$ for $i$ .
$X=xx^{\tau}$ $xij^{:x_{i}}Xj$ SDP
. $X_{ii}=x_{i^{X_{ii}}}=x^{2}=1$ Xij $=x_{i}x_{j}$ $X\succeq O$ rank$(X)$
$=1$ . rank$(X)=1$ .
$\max$ $\frac{1}{2}\sum_{i<j^{\text{ _{}i}()}}j1-x_{ij}$
$\mathrm{s}.\mathrm{t}$ . . $X\succeq O$
$X_{\dot{\mathrm{t}}i}=1$ for $i$ .
Johnson et al. [12]
. $\mathrm{C}++$ SDPA [5]
.
$-$




g10.05 0.2 0.3 18.3 18
$\mathrm{g}20.10$ 1.4 0.5 69:3 68
$\mathrm{g}.40.20$ 18.6 1.1 251.2 248
g50.25 43.5 1.4 378.8 371
g124.02 1711.7 5.1 138.9 137
g124.05 472.9 5.1 263.2 256
g124.10 495.9 5.1 456.8 446
$\mathrm{g}124.20$ . 499.9 5.1 837.0 834
g250.05 6373.3 23 531.2 502
g500.20 133892.5 81 3556.5 3372
g10.05 10 5 .













$\min$ $\frac{1}{2}\sum_{i<j}c_{i}j$ ( $1$ –xixj)
$\mathrm{s}.\mathrm{t}$ . $\sum_{i}X_{i}=0$
$x_{\dot{*}}\in\{-1,1\}$ for $i$ .
$X=xx^{\tau}$ $X_{ij}=x_{i}X_{j}$ SDP
$\min$ $\frac{1}{2}\sum_{i<j^{\text{ _{}i}}j}(1-x_{ij})$
$\mathrm{s}.\mathrm{t}$ . $X\succeq 0$
$J\bullet X=0$
$X_{ii}=1$ for $i$ .
$J\in S$ 1 , $J\bullet$ $X$
.






g10.05 0.2 0.3 8.9 9
g20.10 1.7 0.5 40.2 42
g40.20 21.7 1.3 149.4 155
g50.25 45.6 2.0 238.6 249
g124.02 732.5 6.4 6.8 13
$\dot{\mathrm{g}}124.05$ 725.7 6.4 44.3 63
g124.10 706.2 6.4 147.2 178
g124.20 706.0 6.4 401.4 449
g250.02 8564.0 24.8 15.4 29
g250.05 8630.8 24.8 81.9 114
g250.10 7755.9 24.8 303.5 . 357
g250.20 8426.6 24.8 .. 747.3 828
g500.02 121165.2 82 25.3 49
g500.05 94071.8 82 156.1 218
g500.10 79922.8 82 513.0 626
g500.20 74016.0 82 1567.0 1744
tabu search [4] . $n=|V|,$ $m=$
$|V|+1$ $J$ 1
. $(|E|)$







$\mathrm{s}.\mathrm{t}$ . $H_{ij}\bullet$ $X=0\forall(ij)\not\in E$
$X\bullet I=1$
$X\succeq O$ .
$H_{ij}$ ( $(ji)$ 1 $0$ .
DIMACS ( $\mathrm{f}\mathrm{t}\mathrm{p}://\mathrm{d}\mathrm{i}\mathrm{m}\mathrm{a}\mathrm{c}\mathrm{s}.\mathrm{r}\mathrm{u}\mathrm{t}\mathrm{g}\mathrm{e}\mathrm{r}\mathrm{s}$ .edu)
Table 3: SDP
(sec.) (Mbyte)
g10.05 0.2 0.4 3.0 3
g20.10 5.2 1.0 5.0 5
g30.15 36.3 2.1 7.0 7
g50.45 302.5 2.6 21.2 21
g60.54 758.5 3.1 22.4 21
g70.63 628.8 7.0 25.3 24
johnson8-2-4 118.9 1.6 4.0 4
johnson8-4-4 10009.6 11.1 14.0 14
C125.9 9767.4 19.5 37.8 34
3 DIMACS . $\text{ }$ DIMACS
(dfmax c) .




. SDP predictor-corrector [17]
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